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S'mFA€E P i  SUBSURFACE DENSITY 

ME.ASLJRIMG DEVICES 

..The r e s u l t s  of .the f e a s i b i l i t y  s tudy concerning the 

measurment of dens i ty  on the  srlrfaee of t h e  moon as presented 

i n  P a r t i a l  Report No. 1 I , w e r e ,  b r i e f l y ,  as follow: 
3 

3 t o  4.5 gm/cm can be determined by a modified gamma 

1. .The dens i ty  of mater ia l s  i n  t h e  range of 1.5 &CSB 

. .  

2. 

r a d i a t i o n  transmission method. 

A dens i ty  dev i t e  can be made which wi l l  partial ly  

compensate for surface i r r e g u l a r i t f e s  over a pre- 

scribed range of I l ens i t i e s .  

. Using the  same theory a s  out l ined  i n  P a r t i a l  Report No. 

1, a subsurface dens i ty  device was designed and built which has 

the same range of measurement as the sur face  deviee.  

To obta in  performance da ta  as described i n  OUTLINE OF 
BRk4DBOARD TESTS EWERD@NTS'. I 

I 

I 

I 

I Par t f - a l  Report No. 1, Neasurement of Lunar Surface Density, 
A F e a s i b i l i t y  Study, Aug. 31, 1960, 1:794.5 

20u t l ine  of Breadboard Tests Experinents, Kay 10, 1961, 1:794.30 

1: 7 94.43-1 /t 



The surface den'sity instrument was b u i l t  as showm fn 

This instrument has a 7 i n .  spacing between .the center Fig. 1. 

of t he  source and the nearest port ion of t he  counter. 

spacing between the extremities of the  lead source shield and t h e  

l ead  &lector  sh ie ld  is 3 in .  

geophone which is used fn the surface acoustic  ve loc i ty  experk- 

m e m ,  

356; this was the  only counter that was ava i l ab le  off the shelf 

which was sui table  in s i z e  and would take the  extreme t 

conditions to which a f l i g h t  model might be subjected.  

comter i s  a 3 in. by 518 in. tube with a 10 nil s t a i n l e s s  ateel  

wall ,  

and the counter is f i l l e d  w i t h  halogen gas, P i g t a i l  l eads  were 

specified t o  f a c i l i t a t e  ease.of making connections to anode and 

cathode , 

The 

- -  

This device is b u i l t  t o  house a 

The countar selected for breadboard tests is an Anton Re. 

The 

A 1 m i l  layer of tungsten has been p l a t ed  on the inner w a l l  

For the breadha rd  tests a 31 millicurie Cesium-237 

source was used. 

Subsurface Density Instrument 

The subsurface density instrument w a s  bui l t  as shown Sn 

The minimum spacing between the counter and source is Fig, 2, 

7 in. The counter tube is an Anton No.  356, the same tube t h a t  

is used in the surface instrument. Since the m x h  difoensiod 

1 : 7 94 ,4302 
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of the sonde without deeentralizer spring 5 s  7/8 in., only rl”8 h. 

of shielding material is  available around the counter. To get 

the bes t  shielding possible  a high 2 and high densi ty  material 

with high strength must be used. The material  selected is am 

a l l o y  of tungsten, trade named Mallory 1000. A window openfng 

114 in, wide and 2-114 in. long was made along the axis of the 

counter,  t h i s  opening is on the decentralized s ide  of the  son& 

and fs in l i n e  with the  source collimator opening,, 

coJ l i&tor  opening is 118 i n .  i n  diameter bored a t  a 45’ angle is 

a 7J8  i n ,  diameter by 1-5/8 i n .  long MalLory 1000 oylincler. 

source used f o r  this experiment consisted of 100 mi l l i cu r i e s  Of 

Iodine-131 placed i n  a container 1/8 i n .  i n  d i m e t e r  and 7/8 fn. 

Tfie source 

The 

long 0 

Sta€I@rd* 

The densi ty  standards used by the  laboratory consisted 

of 1 ft, cubes of Carthage marble (p = 2.65 gm/an3>, Austin 

chalk ( p  = 1.95 grs)cm ‘ 3  ), “Featheretone” lava (p = .73 gm/m 3 .  ), 

and a block of Balsa wood ( p  = .14 gm/m 3 ), 12 i n .  x 22 in- 1~ 

18 in, 

1-3/4 i n .  holes through the stones and t h e  Balsa wood, 

a standard large enough f o r  surface measurements two blocks of 

S h t l a t e d  boreholes were made by d r i l l i n g  1-1/4 in. and 

To make 

identieel:  stone were used s i d e  by side. 

- 

Surface p r o ~ b e r a n c e s  were si rmlsted by using 1 in. x 

4 in. x 4 i n .  blocks of Carthage marble, Austin chalk, and lava; 

1: 7 94.43-3 
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-- E:rperhentaZ -̂- R e s d g s  

-- Surface -.- - Density Instrumen$ 

A complete set  of  data was taken on a l l  standards and 

p lo t t ed  as response (counts/sec) vs. densfty ( p / e m  3 ) as sham 

=hen t he  densfty is about 0.5 gmjcm 3 , (2) with dens f t i e s  approad%- 

i n  Fig. 3. This figure shows t h a t  (I) the. response has a maximww 

ing zero the  response approaches t h e  na tura l  background p lus  ~ E P F  

gauimas t h a t  are not absorbed by the  source and detec tor  sh ie lds ,  

and (3) with very dense mater ia l s  t he  response would agah 

agproach- the  background as mentioned in (2). 

ambiguity of i n t e rp re t a t ion ,  a reading should first be made with 

the  de tec tor  end of :he ins t rument  r a i sed  approximately l/2 fn, 

from t h e  rest pos i t ion  on t he  nra,terial and then a second r e a d h g  

should be made i n  t h e  rest position. 

observed with t h e  densi ty  too l  r e s t i n g  on t h e  surface is l e sa  

than that observed w i t h  t h e  instr-nt s l i g h t l y  elevated, &he 

To remove any 

If.the e o u n t b 8  r = t e  

density of the,  mater ia l  being measured is greater than 0 .5  gm/es~ ** 3 . 
If the densi ty  is  less than 0,25 gm/cm 3 , the response will be 

greater u i t h ' t h e  dens i ty  too l  r e s t i n g  on t he  surgace than with 

ihe tool s l % & t l y  elevated. This can be explained by a s s d n g  

t h a t  the effective- densi ty  of the material within t he  m e a s u r e d  

volume has increased when the ins.trument is moved from a slightly 

elevated t o  a rest pos i t i on  on t he  surface.  With these  two 

readings and a c a l i b r a t i o n  cume the density of the unknown 

material can 'be determined,. 

1:794.43-4 7 



The shape of the smrce collimator and detector shield 

are designed Eo compensate for surface irregularfties, F ig .  4 

is  a p l o t  of response vs. height of surface protuberance6 Eor 

the Carthage marble, Austin chalk and lava. 

with 1 i n .  x 4 in. x 4 i n .  squares of rock which have a density 

ident i ca l  t o  the density a,.’ :he main body placed under the souree 

This d a & . a - a s  takest 

- .end Qf the devfoe for oEe s e t  of measurements and under the 

detector end for the second set. 

on the right hand margin of Fig .  4 ,  Carthage marble and A u s t h  

The percentage error i s  show0 

chalk with d e n s i t i e s  of 2.65 and 1.95 gm/sm 3 show that  a m a x h t ~  

density of .75 gm/cm 3 S ~ Q W S  that l i t t l e  or no compensating effeet 
error of le% exists, Bowever, data taken using lava vfsh a 

I 

a i s  to 0 

In Partial  Report No, 1 it i s  suggested that  a picture 

of  the devlce on the lunar surface w i l l  aid in the Fnterpretatfon. 

- of the data, From this picture i t  would be poss ib le  to model the 

surface using different  density materials, then a similar tYps 

instrument placed i n  pos i t ion  on the model indicates  the same -- . 

response as exhibited by the instrument on the lunar surgaee the 

density of the material measured can be detemined. . 

Subsurface Density Instmenf .- 

A complete set of data was taken i n  the 1-1/4 i n ,  and 

This data w a s  p lot ted  the 1-314 . in,  boreholes of a l l  samples. 

and i s  shown in Big. 5 as response (countslsec) vs, densi ty  

1: 7 94.43-5 



-6- 

3 (gm/cm ) for each borehole size. A 100 m i l l i c u r i e  Iodine-131 

aouree-was used with an Anton No. 356 counter. ah i s  p l o t  showa 

t h a t  density i s  a double valued function of  response s M l a r  t o  

t h a t  found w i t h ’ t h e  surf2c.e € n s t m e n t  with a peak response at 

about 0 . 5  p / c m  3 e In t e rp re t a t ion  of data can be made by first 

taking a reading when the counter i o  i n  t h e  borehole and the 

s o u r c e . i s  approxhately 1 in .  above the surface,  then dropping 

t h e  sonde 2 in .  and taking a second reading. 

t h e  surfac’e layer i s  greater than 0 .5  gm/cm3 the response will 

. 

If the dens i ty  of 

decrease - if the densi ty  i s  lese than 0.25 &ern 3 the  response 

will--increaee. .  This experiment, using the subsurface ~ ~ b t & ,  is 

nush mote r e l i a b l e  than the experiment using the  surface instma-. 

ment because protuberances on t h e  surface might cause considerable 

. e r r o r  and the  instrument could be p a r t i a l l y  covered with an 

unconsolidatez mi t e r i a l .  
- 

An error exists due to hole s i z e  var ia t ions ,  but, w i t h  a 
- s u i t a b l e  c a l i b r a t i o n  curve, and with information as t o  hole size 

var ia t ions  from t he  c a l i p e r  a t tached t o  the  subsurface sonde, a 

pos i t i ve  dens i ty  in t e rp re t a t ion  can be made. 

Discussion 

-, The surface and subsurface densi ty  measuring in s t ru -  

ments w i l l  make densi ty  aeasurments OR mterfals ranging from 

0.1 esn/cm3 t o  4.5 gm/cm 3 . me surface i n s t r m e n t  w i l l  p a r t i a l l y  

P 1:794.43-6 
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dens i ty  measurements on materials ranging from 

0.1 */em3 io 4.5 g m h n  3 . 
. .: 

2, A cor rec t ion  can be made f o r  e r r o r s  due t o  surface 

irregularit ies and for hole s i z e  va r i a t ions ,  

A method i s  given to acquire  the necessary data 

Eor dete-mining the c o r r e c t  dens i ty  fram a cali- 

bration cumre Qhfch shows density as a double 

valued funct ion of response. 

3. 

P -7- 

compensate for sur face  i r r e g u l a r i t i e s  i f  the dens i ty  of t k  

materlal being measured i s  grea ter  than 2 and the protuberances , b 
a r e  less thar, 4 in. 

these  measurements w a s  16% of the t rue  densiky. 

The maximum error t h a t  ex is ted  i n  making 

With' information 

a taken from a p i c t u r e  of the instrument i n  the operat ing position 

I . ,- on t h e  lmar surface,  an experiment can be  conducted. in the 

laboratory t o  reduce t h i s  percentage error. The subsurface 3 
f n s t m e n t  is sens i t i ve  t o  hole size var i a t ions ,  however, 4 t h  a 

cal ibrat ion curve showing response i n  di€feren t  dimetea bare- 

holes and knowing the borehole diameter, it is poss ib le  to 

accura t e ly  i n t e r p r e t  the data, 

surface and subsurface instruments show dens i ty  aa a double 

valued function of -1 esponae. 

whieh w i l l  renove any ambiguity of in te rpre ta t fon .  

I 
Calibrat ion curves €or both &e 

A method is 'given in t h i s  r epor t  

Cone lus ionq 

1, The surface and subsurface instruments w i l l  make 

1 : 7 94.43-7 10 
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p l o t  of Response (Countsfsee.) 
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